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Abstract
Background: Genomic analysis of the child might offer a new potential to illuminate human
parenting. We examined whether offspring (G2) genome-wide genotype variation (SNPs) is
associated with their mother’s (G1) emotional warmth and intolerance, indicating a gene-
environment correlation. If this association is stronger than between G2’s genes and their emotional
warmth and intolerance towards their own children, then this would indicate the presence of an
evocative gene-environment correlation. To further understand how G1 mother’s parenting has
been evoked by genetically influenced characteristics of the child (G2), we examined whether child
(G2) temperament partially accounted for the association between offspring genes and parental
responses.
Methods: Participants were from the Young Finns Study. G1 mothers (N=2349; mean age 39
years) self-reported the emotional warmth and intolerance towards G2 in 1980 when the
participants were from 3 to 18 years old. G2 participants answered the same parenting scales in
2007/2012 (N=1378; mean age=38 years in 2007; 59% female) when their children were on
average 11 years old. Offspring temperament traits were self-reported in 1992 (G2 age range 15 to
30 years). Estimation of the phenotypic variance explained by the SNPs of G2 was done by
genome-wide complex trait analysis with restricted maximum likelihood (GCTA-GREML).
Results: Results showed that the SNPs of a child (G2) explained 22.6% of the phenotypic variance
of maternal intolerance (G1; p-value=.039). G2 temperament trait negative emotionality explained
only 2.4 percentage points of this association. G2 genes did not explain G1 emotional warmth or
G2’s own emotional warmth and intolerance. However, further analyses of a combined measure of
both G1 parenting scales found genetic effects. Parent or child gender did not moderate the
observed associations.

Conclusions: Presented genome-wide evidence is pointing to the important role a child plays in



affecting and shaping his/her family environment, though the underlying mechanisms remain

unclear.

Key words: Parenting; molecular genetics; child development; temperament; evocative gene-
environment correlation; children’s’ genome-wide genotype variation; GCTA-GREML.



Gene-environment correlations in parental emotional warmth and intolerance: Genome-wide

analysis over two generations of the Young Finns Study

1. Introduction
1.1. Gene-environment correlations

The developmental literature often focuses on parental effects on their children. There is a
consensus that parents influence their children’s psychological development, and these effects have
been shown to exist independently of shared genes between the parent and the child (Stams, Juffer,
& van IJzendoorn, 2002). Also, parental behavior has multiple determinants, among which the
characteristic of the child influencing parenting have received considerable attention (Belsky,
1984). For instance, if a parent perceives child-rearing as burdensome may be induced by the
child’s difficult temperaments. Children, therefore, are not just passive receivers of parenting
because children evoke differential responses in the parents, who react to their children’s
characteristics. This leads to gene-environment correlations (rGE), that is, “the phenomenon in
which children’s genetically influenced characteristics are correlated with the behavior or responses
of the environment” (Avinun & Knafo, 2014, p.87).

In the current study, we were interested in the association between children’s genes and the
parenting they have received to elucidate the children’s influences on their family environment. It
has been suggested that normal variation in parental responses might be evoked by genetically
influenced characteristics of a child (e.g., temperament traits) (Avinun & Knafo, 2014; Belsky,
1984; Kendler, 1996; Klahr & Burt, 2014). In this case, the condition for what is called a reactive or
evocative rGE is fulfilled. If evocative rGEs are at play, then the genes of children should be
associated with the responses of the parent more than the parents’ genes (Pener-Tessler et al.,
2013). There is also an alternative explanation for an observed association between genetic

variation and environmental exposure that needs to be considered, namely, passive rGE. Passive



rGE occurs because parents give their children not only genes but also an environment, which itself
is influenced by shared genes (Plomin, DeFries, & Loehlin, 1977). A third type, active rGE, arise if
an individual selects his or her environment based on genetic tendencies (Plomin et al., 1977).
Active rGE, however, does not apply to the context of parenting because children neither choose

their parents nor can they avoid their reactions.

1.2. Previous studies
Only recently, studies have started to systematically disentangle passive rGEs from evocative rGEs
in the context of parenting (Neiderhiser et al., 2004). A number of candidate gene studies have
assessed whether parenting is evoked as a reaction to children’s genetically influenced
characteristics. These studies first examined the effect of offspring variation in one or more
polymorphisms, for example, in dopamine (Hayden et al., 2010, 2013; Lucht et al., 2006; Mills-
Koonce et al., 2007), oxytocin (Kryski et al., 2014), and serotonin (Kopala-Sibley et al., 2016)
pathway genes on parenting. Then, some of these studies have examined whether the child’s
temperament can explain the effect of these candidate genes on parenting. Temperament is defined
as early-emerging behavioral dispositions, that is largely heritable (Buss, 1991; Saudino, 2005;
Shiner et al., 2012). Although temperament is comparatively stable, this stability varies
substantially depending on the developmental stage examined, in that it shows relatively lower
stability in early childhood compared to, for example, late adolescence or early adulthood (Roberts
& DelVecchio, 2000). And, indeed, characteristics of the children, such as self-control (Pener-
Tessler et al., 2013), negativity and affectivity (Hayden et al., 2013; Kryski et al., 2014; Mills-
Koonce et al., 2007), or broader sets of temperament dimensions (Lucht et al., 2006) mediated, at
least partially, the genetic influences. Two of these studies were further able to rule out the
possibility of passive rGE by controlling for the same candidate genes in parents and showing that

shared genes did not fully account for the effect of studied temperament traits (Mills-Koonce et al.,



2007; Pener-Tessler et al., 2013). Further evidence for evocative rGE was added by adoption
studies (e.g., Ge et al., 1996). Finally, two recent meta-analytic reviews of children-as-twins studies
have found cumulative evidence for evocative rGE (Avinun & Knafo, 2014; Klahr & Burt, 2014),
resulting in heritability estimates in the range of 23 to 40% of the variance for parental positivity
(including control) and negativity. The exact strength of the correlation between genetically
influenced characteristics of children and the parenting they experience, however, is still uncertain
due to the sometimes problematic assumptions of twin studies, while candidate gene studies are
limited to examining a narrow range of genes and often have the limitation that they do not replicate
in other samples. An increasing number of studies have used genes of children to explain a
phenotype in their parents (Joshi et al., 2016; Marioni et al., 2016), and molecular genetic evidence
is needed to estimate the proportion of the variance the rGEs explain of the parental responses. This
can be done by utilizing genome-wide complex trait analysis with restricted maximum likelihood
(GCTA-GREML) (Yang et al., 2011; Yang et al., 2016), indicating whether two unrelated

individuals are more similar in the parenting they experience because they share the same genes.

1.3. The current study
In the current study, we used parents’ self-reports of their emotional warmth and intolerance
towards their children in two Finnish generations — parent generation (G1) and offspring generation
(G2) — obtained at a similar age and developmental stages. Emotional warmth and intolerance are
an expression of the relationship between parents and children, which define the overall emotional
atmosphere within a family and thereby reflect parenting qualities (Dix, 1991). A positive family
environment, first of all, includes connectedness and love between parent and child (operationalized
as emotional warmth in our study) (Avinun & Knafo-Noam, 2017; Maccoby, 1980; MacDonald,
1992). Another related aspect of parenting is the lack of parents’ acceptance and responsiveness

towards the feelings, opinions, and behavior of the child (Maccoby, 1980). Therefore, we also used



a measure of parental intolerance towards their children’s normal activity. The current study applied
these two aspects of parenting separately, as well as combined them into an overall measure of the
emotional atmosphere within the family.

We follow a three-step approach to examine the strength of (evocative) rGEs in parental
emotional warmth and intolerance. The first aim is to examine whether the child’s genes are
associated with the parenting they have received (step 1). Thus, we estimated the percentage the
Single Nucleotide Polymorphisms (SNPs) of G2 explain in the phenotypic variance of G1
emotional warmth and intolerance. This rGE estimate will serve as a comparison standard for the
heritability estimate obtained in the children-as-twins studies (Avinun & Knafo, 2014; Klahr &
Burt, 2014).

The second aim is to understand better how the children affect and shape their family
environment. For a rGE to be evocative, it has to work somehow through the genetically influenced
characteristics of the child (Saudino, 2005). Therefore, we tested whether the temperament of the
offspring is responsible for the association between G2 genes and G1 parenting (step 2). We do so
by controlling for G2 temperament trait of negative emotionality, which is expected to reduce the
variance explained by G2 genes in G1 parental emotional warmth and intolerance. Negative
emotionality (defined as distress that is accompanied by intense autonomic arousal) is a good
candidate, compared to other temperament traits, because parents might change their responses to
children most who are high on difficult temperaments (Belsky, 1984; Buss, 1991), and it has been
shown to be involved in other rGEs (Hasenfratz et al., 2015; Hayden et al., 2013; Kryski et al.,
2014; Mills-Koonce et al., 2007).

The third aim is to examine the heritability estimate of G2 parental emotional warmth and
intolerance towards their own children based on their (G2) own genes. Even though it is interesting
in its own right whether individuals’ genes are associated with the emotional warmth and

intolerance they express towards their children; this analysis also allows to find out whether the



heritability estimate of G2 parenting is lower than the rGE estimate obtained for G1 parenting. If
this is the case, then it is likely that evocative rGE rather than passive rGE account for the responses
children experience in terms of parenting. It is further possible that the strength of the (evocative)
rGE is moderated by the parent or child gender (Avinun & Knafo-Noam, 2017; Avinun & Knafo,
2014). Because boys and girls might receive different parenting and because mothers and fathers
might express differential parenting qualities, we test the interactions between G2 gender and G2’s

genome-wide genotype variation in explaining emotional warmth and intolerance.

2. Materials and methods
2.1. Setting and ethical considerations

The current study uses data from the multidisciplinary, prospective Young Finns Study (YFS)
(Akerblom et al., 1991; Raitakari et al., 2008), which is representative of the Finnish population.
The YFS was conducted in Helsinki, Kuopio, Oulu, Tampere, and Turku and the regions
surrounding these cities. The YFS complies with the Helsinki Declaration, and local ethics
committees approved the study. Follow-ups were approved by the ethics committee at the
University of Turku. All participants provided written informed consent. For a more detailed
description of the procedure of the YFS, the reader is referred to Raitakari and colleagues (2008).

The first study wave of the YFS was conducted in 1980, in which G1 answered the
psychological questionnaire including questions about the emotional warmth and intolerance
towards their children (G2 age was 3, 6, 9, 12, 15, and 18 years, respectively). In 1992, G2 self-
reported on their temperament traits for the initial time (G2 age range 15-30 years). In 2007, G2
reported on their emotional warmth and intolerance towards their own children. Those G2
participants who did not yet have children in 2007 reported about their parenting in 2011/2012. In
the case responses were given in both study waves, we gave priority to the first assessment in 2007.

Parenting was assessed using the same questionnaire and scales in both generations. In G1, the



mothers of G2 reported their emotional warmth and intolerance, and in G2 either mothers (59%) or
fathers (41%) reported emotional warmth and intolerance towards their own children. Moreover,
the assessment was conducted at approximately the same developmental stages in both generations
(G1 mean age in 1980=39 years, and G2 mean age in 2007=38 years). Figure 1 presents our study
design and timeline.

The initial YFS sample consisted of 3596 Finnish children and adolescents (G2) and their
mothers (G1). We excluded parent-child pairs if they had missing information on parenting and
used data of those G2 participants who agreed to be genotyped (/N varied from 1378 to 2349
depending on the research question).

Insert Figure 1 about here

2.2. Measures
Parental emotional warmth and intolerance
Parenting was operationalized with the parent’s self-reported emotional warmth and intolerance
towards the child. These scales were derived from the Operation Family Study (Makkonen et al.,
1981). Four items assessed emotional warmth: “I enjoy spending time with my child”; “T am
important to my child”; “My child is important to me”; and “My child enables me to self-actualize
myself.” Intolerance was measured with three items: “In difficult situations, the child is a burden”;
“I often become irritated with my child”; and “My child takes too much of my time.” All items
were scored on a 5-point Likert-type scale, ranging from “never or almost never” to “always or
almost always, ” and then averaged to form two variables — emotional warmth and intolerance.
These two aspects of parenting were examined separately because they are conceptually different
(Savelieva, Keltikangas-Jarvinen et al., 2017; Knafo & Plomin, 2006; Savelieva, Pulkki-Réback et
al., 2017), and have shown distinct criterion validity (Gluschkoff et al., 2017; Hintsanen et al.,
2010). Reliability for the emotional warmth (Cronbach’s alphas were 0.68 for G1 in 1980; 0.72 for

G2 in 2007, 0.69 in 2012) and intolerance (0.67 for G1 in 1980; 0.71 for G2 in 2007 and 2012)



scales was acceptable. Because offspring (G2) age ranged from 3 to 18 years when G1 emotional
warmth and intolerance were assessed, we standardized the parenting scales within each age cohort
of G2 to compensate for this age difference. The same procedure was applied for G2 emotional
warmth and intolerance within the age cohorts G2’s children, as their age ranged from 1 to 30 years
during the assessment (Savelieva, Pulkki-Réback, et al., 2017). At the same time, the emotional
warmth and intolerance scales are correlated (see Table S1) and might be aspects of a broader
parenting quality that reflects on the overall emotional atmosphere within a family. Thus, we also
combined the items of these two scales to a single measure (i.e., the higher values indicate warmer

and more tolerant parental responses).

Negative emotionality

The Buss—Plomin EAS temperament model was used to assess negative emotionality (Buss, 1991).
It was assessed in 1992 with 12 items, e.g., “I am easily frightened.” G2 self-rated their
temperament on a 5-point scale, ranging from “totally disagree” to “totally agree.” Reliability of

temperamental negative emotionality was high (Cronbach’s alpha was 0.82).

2.3. Genotyping
The genome-wide analyses of the YFS G2 were performed using the [llumina 670k genotyping
array (Smith et al., 2010). Imputation was done utilizing the IMPUTE?2 software (Howie, Donnelly,
& Marchini, 2009) with the 1000 Genomes Project March 2012 haplotypes as a reference. Results

indicate an excellent imputation quality (info ~ 0.99). G1 did not undergo genotyping.

2.4. Statistical analysis

We prepared the genetic relationship matrix (GRM) of the G2 participants in the genome-wide

complex trait analysis (GCTA) program (Yang et al., 2011). Estimation of the phenotypic variance
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explained by the SNPs (h?) was done by employing restricted maximum likelihood (GREML).
Even though this method has recently been criticized et al., 2015), GCTA-GREML is generally
seen as producing reliable and stable estimates of heritability (Realo et al., 2017; Vattikuti et al.,
2012; Yang et al., 2016). The logic of GCTA-GREML is that the extent to which phenotypic
similarity between genetically-unrelated individuals is associated with the degree of similarity in
DNA markers indicates the heritability of the phenotype. We ran a sequence of GCTA-GREML
analyses to explain the phenotypic variance in parenting by the G2 SNPs. The GCTA-GREML
program does not include a feature for conducting mediation analyses. It is possible, however, to
adjust h? for G2 temperament traits. This is similar to Barron and Kenny’s (1986) classic approach
to test for mediation. Finally, to test whether the G2 gender moderates a particular (evocative) rGE
we added a gene-environment interaction with the option reml-Irt 2 to our models. These analyses
allow determining the significance of the variance of gender-specific genetic effects.

Power analysis (http://cnsgenomics.com/shiny/gctaPower/) (Visscher et al., 2014) revealed a

40% chance of detecting an SNP based rGE estimate of 0.23 in G1. The chance to detect a

heritability estimate with the same size of G2 was remarkably smaller (17%).

2.5. Preliminary analysis
Attrition analysis showed that those G2 individuals who had dropped out (i.e., those G2 who did
not have data either on their own or their mothers’ ratings of parenting quality and who were not
genotyped) were younger (mean age in 1980: 10.1 vs. 10.9, p<.001) and more likely to be male (55
vs. 40%, p<.001) compared to the G2 participants from the analytical sample. The excluded
participants had experienced higher intolerance in childhood according to their mother’s ratings
compared to the included (mean score: 2.12 vs. 1.99, p <.001). There were no other differences in
experienced emotional warmth or self-reported temperament (all p-values>.114).

Inter-correlations of the main study variables are presented in Table S1 (Online Appendix).
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3. Results of the GCTA — GREML analysis
As shown in Table 1, the SNP-based gene-environment correlation (4*) indicated that 22.6% of the
phenotypic variance of maternal intolerance in G1 was explained by genes of G2 (p=.039).
Maternal emotional warmth was not significantly associated with offspring genes (4*=0.09,
p=.243). The effect of offspring genes on parents’ overall responses (i.e., mother’s tolerance and
emotional warmth combined) was 21.4% (p=.048). These analyses (step 1) were adjusted for G2
age and gender, and four genetic principal components to take into account any possible population
stratification (Price et al., 2006; Realo et al., 2017).

In the second step, we additionally controlled for the G2 temperament trait of negative
emotionality. Results indicated that the phenotypic variance of maternal intolerance was reduced
only by 2.4 percentage points from 22.6% to 20.2% (p=.121). Accounting for temperamental
emotional negativity in the combined parenting measure explained 5.3 percentage points of the
association, reducing it to 16.1% (p=.167). The rGE estimates h?, however, became non-significant.

The SNPs of G2 explained 20.2% in emotional warmth of G2 (p=.150) and 0.0% in
intolerance (p=.500) (step 3). The heritability estimates were not significant, however. Also, the
combined parenting scale of G2 was not significantly associated with their own genes (4>70.06,
p=.381). In this step, we used G2 gender, gender and age of G2’s first child, and the first four
genetic principal components as covariates.

Finally, we added to each of our models an interaction term between G2 gender and their
genes. These analyses did not indicate any differences between boys and girls (steps 1 and 2) or
between mothers and fathers (step 3) because none of the gender-specific genetic effects were
statistically significant (e.g., for G1 intolerance in step 1 the p-value was .320).

In combination, steps 1-3 of our approach showed that there was an association between

offspring genes on parents’ responses (i.e., mother’s intolerance and the combined parenting
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measure)—indicating the presence of a rGE—, which was largely robust to adding the temperament
trait negative emotionality into the model. This significant rGE cannot be explained by cultural
variables because in the analyses we were controlling for population stratification. Finally, as
offspring’s own parenting was not correlated with their genes, passive rGE might not have caused

the observed genetic association. G2 gender did not moderate the observed associations.

Insert Table 1 about here

Sensitivity analysis
To test the robustness of our findings we have conducted some further analyses.

We repeated the first step for the seven single items. Child’s genes explained the variance
significantly in the emotional warmth item “I enjoy spending time with my child” (#*=0.213,
p=.043) and in the intolerance item “I often become irritated with my child” (4*=0.224, p=.037).
The other items were not significantly associated, namely, “My child is important to me” (h*=0.147,
p=.108), “I am important to my child” (4*>=0.076, p=.276), “My child enables me to self-actualize
myself” (h*=0.000, p=.500), “In difficult situations, the child is a burden” (#*=0.201, p=.053), and
“My child takes too much of my time” (4*=0.000, p=.500). Thus, we found in the single item
analyses genetic effects for both aspects of parenting, suggesting that the formulation of the items
influenced the strength of the observed genetic associations.

We have repeated the second step by controlling for all three temperament types of the EAS
theory (Buss, 1991). The EAS types form a full temperament theory, and they are by definition
broad and thus cover much of the genetically influenced child characteristics. Accounting
additionally for temperamental activity and sociability reduced the variance explained in maternal
intolerance from 22.6% (p=.039) to 19.6% (p=.127), for instance. The strength of the remaining
genetic effect is consequently similar to the 20.2% (p=.121) when adjusting for negative

emotionality only.
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4. Discussion
To our knowledge, the current study is the first of its kind to provide genome-wide evidence for the
role of children’s genotype in the parenting they have received, in terms of emotional warmth and
intolerance. The most important result of the current study is that the SNPs of a child explain about
23% of the phenotypic variance of maternal intolerance, significant at p<.05 level. These types of
relations between genes and the environment are referred to as gene-environment correlations. This
estimate is similar to the heritability of parental positivity and negativity obtained in two recent
meta-analyses of children-as-twins studies (Avinun & Knafo, 2014; Klahr & Burt, 2014). Note that
genetic effects are not all SNP based. Thus, the total genetic effect might be larger than estimated
by the current GCTA-GREML analysis.

We found that offspring generation genes are associated with intolerance but not with
emotional warmth in the generation of their parents. While emotional warmth asserts the love and
connectedness expressed within a family, high intolerance measures parental perceptions of the
child as demanding and, in some situations, even as burdensome. In line with this finding, the meta-
analysis of children-as-twins studies by Avinun and Knafo (2014) has found that parental negativity
was more strongly associated with offspring genes than with parental positivity. Our findings might,
therefore, partially be explained by the circumstance that intolerance captures not only parents’ low
acceptance and responsiveness towards the child but also their negative child-rearing experiences,
whereas warmth is more of a positive approach to the child and is less conditional upon the child’s
(negative) behaviors (Knafo & Plomin, 2006). It should, however, be noted that in analyses with the
combined parenting measure and further analyses of the single items of both aspects of parenting

we found genetic effects. This pattern indicates that the emotional warmth and intolerance, while

14



being conceptually different, empirically might belong to a broader parenting quality which has a
joint origin in the genetic makeup of the offspring.

Children that differ in their genetically influenced temperament (negative emotionality)
elicit certain responses from the social environment (parenting) (Avinun & Knafo, 2014; Klahr &
Burt, 2014; Plomin et al., 1977). Temperament development should therefore not be seen as
unidirectionally affected by environmental factors, but rather in a way that children initially differ
in their temperament which then affects and shapes social interaction with their parents and, thus,
changes the child’s environment (Belsky, 1984, Buss, 1991; Sanson, Hemphill, & Smart, 2004).
Overall, we found only weak support for the rGE to be evocative rather than passive, because
controlling for G2 temperament did not reduce the variance explained by G2 genes in G1 parental
intolerance notably. There are, however, many genetically influenced child characteristics, such as
their self-control (Pener-Tessler et al., 2013), which may have evoked the parental responses. Thus,
our main results should be interpreted in the light of the fact that temperament was assessed in G2
only with a single trait. Our further analyses showed that adjusting the rGE estimates for all three
traits of the EAS theory did not notably increase the amount of variance accounted for by child’s
temperament. G2 temperament was assessed many years after G1 reported on the maternal
emotional warmth and intolerance, which is especially problematic because the stability of
temperament is lower in early childhood (Roberts & DelVecchio, 2000). Thus, our measure can be
seen merely as an approximation of the temperament at the time of G1 parenting was assessed.
Hasenfratz and colleagues (2015), for example, have found heritability of peer problems and
showed that temperament traits were partially responsible for this rGE. This line of research
illustrates—as intended by our 3-step approach—that evocative rGE has to work through the
genetically influenced characteristics of a child (Avinun & Knafo, 2014; Kendler, 1996; Klahr &

Burt, 2014).
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We also tested whether child and parent gender moderated the strength of (evocative) rGE.
Whereas the previous literature on gender effects is somewhat inconclusive (Avinun & Knafo-
Noam, 2017; Avinun & Knafo, 2014), the current study did not find any significant interaction
between G2 gender and G2 genes in explaining the variance in parenting.

Children-as-twins studies exclude by design the possibility that results were confounded by
passive rGE (Avinun & Knafo, 2014; Klahr & Burt, 2014). We found that G2 genes better explain
G1 parenting than they explain G2 parenting towards their own children. This is in line with a study
by Neiderhiser and colleagues (2004), combining children-as-twins and children-of twins designs,
which found that passive rGE accounted for mother’s positivity and monitoring, while
nonpassive/evocative rGE had caused mother’s negativity and control. In the current study, the
effect of G2 genes on G2 parenting might have also been too small for detection due to the smaller
N of this analysis (step 3). If the observed correlation between G2 genes and G1 parenting would
indeed be due to passive rGE, then this would indicate a significant role of genetic variation shared
by mothers and their children in parenting. There is further another reasonable explanation for the
lack of associations between G2 parenting and G2 genes. It is likely that the parenting of G2 itself is
evoked by the characteristics of their own children. For example, it has been shown that parents of
two or more children respond differently to their feelings, opinions, and behavior (Jenkins,
McGowan, & Knafo-Noam, 2016).

On the one hand, parents serve as role models and want to pass on to their children certain
values, including what they think is good parenting. On the other hand, that G2 genes are stronger
associated with G1 parenting than with G2’s own parenting might also explain the only rather
modest transmission of parental emotional warmth and intolerance from the one generation to the
next generation found in the literature (Savelieva, Keltikangas-Jéarvinen, et al., 2017; Savelieva,

Pulkki-Raback, et al., 2017).

16



Limitations and Strengths

The current study has some limitations. While being large for dyadic data, the current sample size is
at the lower end of what is desirable in molecular genetic studies. That the analyses were
underpowered increases the risk of false negative findings (i.e., that significant genetic effects were
not detected) and limits the scope and interpretability of our results. However, to our best
knowledge, the YFS is the only genetically informed study assessing parenting at a similar age and
developmental stage in two generations. Future work could combine available data sets in which
information on both parents’ genes and parenting and young children’s genes and temperament are
available to replicate our results conceptually. Another limitation is that parenting was assessed
with a non-standard self-report measure rather than observations. Attrition analysis suggested that
individuals who dropped out, additional to being younger and more often male, were more likely to
experience lower levels of maternal intolerance, which limits the generalizability of our results.
With less attrition and more variation in parental responses one would expect an increase in the
phenotypic variance explained by genes. Also the relatively low reliability of the used parenting
scales (<.75) indicates that measurement error may have had a negative influence on the ability of
our analyses to detect stronger genetic effects. To continue, the GCTA-GREML program does not
include a feature for conducting mediation analyses. We nonetheless wanted to assess whether the
effect of children’s genes on the parenting they have received was (partially) explained by their
temperament. Step 2 of our main analyses that controls for variation in child’s temperament is
closest to Barron and Kenny’s (1986) classic approach to test for mediation. This approach,
however, tends to produce false negative findings. The developer of the GCTA-GREML program

should try to integrate less conservative and more powerful approaches, such as, the non-parametric
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bootstrapping method or Monte Carlo simulation, that would allow producing confidence intervals
for an indirect effect.

The current study also has several notable strengths. We reported results based on
population-based, prospective data of two generations, using the same questions to assess parenting
in both generations. The temperament dimension of negative emotionality was assessed in offspring
by a well-validated measure, 12 years after (G1) and 15 years before (G2) parenting was assessed.

The evocative rGE estimate, therefore, is not confounded by common rater variance.

Conclusions

The current study showed that genome-wide complex trait analysis with restricted maximum
likelihood could be used to estimate the variance in parenting which can be explained by the Single
Nucleotide Polymorphisms of their children. The fact that two unrelated individuals are more
similar in the parenting they have experienced during childhood, compared to those who do not
happen to share genes, provides a very robust test of genetic causality and does not necessitate the
assumptions of twin studies. Our results are the first genome-wide molecular genetic evidence on
rGE and confirm previous behavior genetic (i.e., twin) studies pointing to the important role a child
plays in affecting and shaping his/her family environment. These findings on rGE are promising
and require replication. Future work should identify those genetically influenced characteristics of

the child that evoke the differential parenting in the parents.

18



Key points:

. It is known that children’s genetically influenced characteristics are correlated with the
responses of their parents in terms of parenting.

. Genes of children explained their parents' intolerance but not emotional warmth, and
their temperament was tested as a potential intervening variable of this association.

. Parents’ own genes were not significantly associated with their parenting.

. Our results stress that children have an important role in affecting and shaping their
family environment.

. The current study is the first of its kind to provide genome-wide evidence for the role of

children’s genotype in the parenting they have received.
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Table 1. SNP-based Gene-Environment Correlation and Heritability Estimates of Parenting in Two

Generations (G1, G2)

Generation 1 mothers

Scales h
Emotional warmth 0.088
Intolerance 0.226

Parenting scales

combined 0.214
Emotional warmth

corrected for G2 0.095
temperament

Intolerance corrected for

G2 temperament 0.202
Parenting scales 0.161

combined

p value

243

.039

048

286

121

167

2362

2349

2367

1741

1733

1745

h

0.202

0.000

0.062

Generation 2 participants

p value

150

.500

. 381

1377

1378

1378

Notes. h>=SNP-based gene-environment correlation (G1), indicating the proportion of the variance

children’s genotype explains of the responses of their parents/heritability estimate (G2), indicating

the proportion of the variance individuals’ genotype explains of their own parenting; N= sample

size; Standard errors of 4* were 0.125-0.171 in G1 and 0.203-0.209 in G2. G2 temperament was

assessed in 1992 by self-reports of negative emotionality.
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Online Appendix

Table S1. Inter-correlation of the Main Study Variables

G1 emotional
warmth

G1 intolerance

G1 parenting
combined

G2 emotional
warmth

G2 intolerance

G2 parenting
combined

G2 negative
emotionality

G1 emotional

warmth

1

- 33%*
T6%*

3w

.01
.06*

-.05

- 86

-.03

.08*
-07**

07*

G1 intolerance

G1 parenting
combined

.09%*

-.05
08**

-.07*

G2 emotional
warmth

- 26%
'68***

- 11

G2 intolerance

1
88wk

'21***

G2 parenting
combined

AL

G2 negative
emotionality

Note. *Significant at p<.05 level.

**Significant at p<.01 level. ***Significant at p<.001 level
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